This study is a part research on the effect of information and communication technologies (ICT) adoption on sustainable development in the enterprises' context [1]- [3] . Its main purpose is to identify parameters stimulating the progress of ICT adoption and sustainable development and assess the two constructs based on these parameters. The identified parameters of ICT adoption are grouped into four categories i.e., ICT outlay, information culture, ICT management, and ICT quality, whereas the parameters of sustainable development are classified into ecological, economic, sociocultural, and political sustainability categories. This study employs a quantitative approach and descriptive statistics are employed to evaluate the levels of ICT adoption and sustainable development. The survey questionnaire was used and data collected from 394 enterprises were analyzed. The research findings reveal that digital and socio-cultural competences of employees and managers, financial capabilities ensuring ICT projects as well as law regulations associated with ICT adoption, and information security were at the highest level within enterprises. However, the lowest level was specific for BI and ERP system adoption as well as the adoption of latest management concepts and the exploitation of synergies between national ICT projects and own ones. Moreover, the improvement of efficiency and effectiveness of customer services, better and more efficient organization of work, the enhancement of customer satisfaction and loyalty and the acquirement of new customers and markets were at the highest level within enterprises. However, the lowest level was specific for enterprises' participation in the democratic public decision-making as well as energy savings and environmental protection. This study advances ongoing research on ICT adoption and sustainable development by exploring parameters which can be used to describe and assess the levels of ICT adoption and sustainable development in the context of enterprises. Moreover, these parameters help clarify areas that need further improvement and stimulate the progress of ICT adoption and sustainable development.
I. INTRODUCTION
new paradigm for economic growth, social equality and environmental protection was set in 1987 and introduced the concept of sustainable development to the international community [4] . Sustainable development is a development in which the needs of present generations are met without compromising the chances of future generations to meet their own needs [5] . According to Schauer [6] , sustainable development has four dimensions which are ecological, social, economic and cultural sustainability. Ziemba [1] added a political dimension of sustainable development. Furthermore, it can occur at different levels and within different contexts as many stakeholders on global, national, and community levels are involved in sustainable development [7] . Besides citizens and public administration, enterprises are one of these stakeholders that can contribute to sustainable development and benefit from it [8] .
Bisk and Bołtuć [9] highlighted that sustainable development today can best be attained by technological growth, whereas Grunwald [10] assessed the relation between technology and sustainable development as ambivalent. In particular, information and communication technologies (ICT) are a key enabler for sustainable development [11] - [13] . They make significant contributions to revolutionary changes in everyday life, business, and public administration, transforming society and fuelling economic growth. If society stakeholders are unable to acquire the capabilities to adopt ICT effectively, they will be increasingly disadvantaged or even excluded from the benefits afforded by ICT [8] . Some researchers have recognized ICT as one of the most important tools in developing sustainable business practices [14] and supporting the success of businesses [15] . It is contended that ICT enable businesses to improve productivity, foster innovation, cut down costs, increase the effectiveness of processes services, augment the efficiency of business decision-making, react to customer needs at a faster rate, and acquire new ones [16] , [14] . Moreover, the ICT adoption by enterprises can gain benefits in environmental preservation by increasing energy efficiency and equipment utilization as well as it can increase information availability to all society stakeholders [6] and as a consequence influence social development [11] .
After extensively searching the literature it can be noticed that ICT adoption and sustainable development require indepth research, inter alia, research on assessing the levels of ICT adoption and sustainable development, and indicating areas that should to be improved. We need to have quantitative tools for describing and measuring the state of ICT adoption and sustainable development in the enterprises' context. These tools should allow to define the direction of desirable actions aimed at facilitating sustainable development as a result of ICT adoption.
There are some indicators and synthetic indexes for assessing ICT adoption, e.g. ICT Development Index (IDI) worked out by International Telecommunication Union [17] and Networked Readiness Index (NRI) of the authorship of A
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The Case of Polish Enterprises the World Economic Forum [18] . Sets of indicators for measuring sustainable development exist already prepared by Eurostat [19] and OECD [20] . Following an extensive review of the literature, it can be stated that it did not uncover any deep studies providing objective assessment parameters of ICT adoption within enterprises and sustainable development in the enterprises' context. Such parameters would help clarify areas that need further improvement and stimulate the progress of ICT adoption and sustainable development. This paper, therefore, focuses on exploring such parameters. Its aim is to propose parameters describing the progress of ICT adoption and sustainable development and assess the level of ICT adoption and sustainable development based on them. This paper contributes to the literature in several ways. Section II reviews the current research on ICT adoption within enterprises, sustainable development in the enterprises' context and the assessment of these two constructs. Section III describes the unique research methodology and the data set used for the empirical work. Based on these data, Section IV presents the results, including an assessment of the levels of ICT adoption within enterprises and sustainable development in the enterprises' context. Section V provides the study's contributions, implications, and limitations as well as considerations for future investigative work.
II. THEORETICAL BACKGROUND AND RESEARCH QUESTION

A. Sustainable development
There are multiple definitions of the concept of "sustainable development". The most frequently quoted definition comes from the World Commission on Environment and Development, now known as the Brundtland Commission. According to it, the purpose of sustainable development is to meet "the needs of the present without compromising the ability of future generations to meet their own needs" [21, p. 43 ]. This definition clarifies the primary essence of the concept: the ability to self-sustain development that does not degrade the factors and mechanisms which constitute it.
Looking more closely into the term "sustainable", it is defined as something that is "able to be upheld or defended"
[22]. The definition consists of two distinctive parts; the first one implies that sustainable development is the development that can be retained over time, while the second one indicates that sustainable development is the development that can be shielded from the consequences of negative events and processes. These two parts are closely linked, as it is not only events and processes that may affect development, but the means for development may also augment or create new events and fundamental processes that in turn make the task of maintaining development over time exacting [23] . For instance, our dependency of ICT has allowed for great developmental leaps of many societies since the industrial revolution, but is at the same time the main cause of rising energy consumption and climate change that are now threatening the sole existence of all societies.
The core of the concept of sustainable development embraces two mutually exclusive ideas: the human need to preserve natural resources, and the need to improve the quality of life. Initially, it combined concerns about poverty and development with environmental issues. Then, interpretations of this definition were advanced, ranging from the "pure ecologist" position, through "moderate ecologist," "crash barrier," and "3D," to "4D" [6] . The first two interpretations are purely focused on the ecological dimension. In the "crash barrier" interpretation, the relationship with ecology is weaker, and it places equal weight on social and ecological issues. "3D" defines a further dimension of sustainability, encompassing ecological, social, and economic questions that have equal importance and have to respect each other. In the "4D" approach, cultural dimensions are introduced. Sustainable development is, however, a debatable concept due to its indefinite meaning, which is open to a variety of interpretations, depending upon the given situation [24] .
A deeper understanding of the interconnected challenges the world faces allow to recognize that sustainable development has to embrace several sustainability pillars: from the three fundamental pillars related to environmental, economic and social aspects [6] , [7] to pillars concerning cultural [25] , [26] and political sustainability [25] , [27] .
This paper defines sustainable development in the enterprises' context as: a dynamic process which enables enterprises to realize their potential and improve their competences and business in ways that simultaneously protect and enhance ecological (Ecl), economic (Eco), sociocultural (Soc), and political (Pol) sustainability.
Ecological sustainability is the ability of enterprises to retain rates of renewable resource acquisition, pollution creation, and non-renewable resource depletion by means of conservation and appropriate use of air, water, and land resources [28] , [29] . Economic sustainability of enterprises means that enterprises can obtain competitive advantage, boost their market share, and increase shareholder value by adopting sustainable practices and models. Among the core drivers of a business case for sustainability are: cost and cost reduction, sales and profit margin, reputation and brand value, innovative capabilities [16] , [30] . Socio-cultural sustainability is founded on the socio-cultural aspects that need to be sustained e.g., trust, common meaning, diversity as well as capacity for learning and capacity for selforganization [5] . It is perceived as dependent on social networks, making community contributions, creating a sense of place and offering community stability and security [27] , [31] . Political sustainability must be built on the basic values of democracy and effective appropriation of all rights. It is connected with the engagement of enterprises in creating democratic society [27] . Based on the stream of research, Ziemba [1] indicated parameters that fully describe those pillars of sustainable development (Table I) .
B. ICT adoption for sustainable development ICT represent significant opportunities for sustainable development [11] , [12] , [32] . The rapid evolution of ICT not only has radically changed of everyday life [33] but also businesses [34] . It has provided enterprises with new instruments to add value to various kinds of sustainability [16] , [35] .
ICT can be defined as any type of software and hardware used to create, capture, manipulate, communicate, exchange, present, and use information in its various forms" [36, p. 198 ]. Research on ICT adoption is mainly directed to the development of forecasting studies and the identification of barriers and drivers of technology adoption [37] . Reino et al. [37] indicated two main approaches that can be adopted for the study of ICT adoption phenomenon. These are intraenterprise and inter-enterprise adoption. The former relates to the process by which ICT are fully adopted by an enterprise from their purchase to the full integration as part of the business strategy. The latter refers to the phenomena by which ICT adoption take place among an enterprise and its stakeholders as consumers, public administration and other enterprises [38] . It should therefore be acknowledged that ICT adoption takes place in stages and this implies that different levels of ICT adoption can be identified within enterprises.
Furthermore, many investigators, as well as developmental organizations recognize the significance of ICT for sustainable development [6] , [11] , [35] , [39[, [40] . ICT are accelerators, amplifiers, and augmenters of sustainable development. They make it feasible to enhance sustainable development more flexibly and dynamically. More pointedly, ICT presents opportunities to make trade-offs between economic growth, the environment and social cohesion as well as culture and political issues [41] . Equally, there is the opportunity to maximize the social, ecological, economic and cultural opportunities of ICT and mitigate its adverse impacts.
In this study, ICT adoption has been explored in terms of intra-enterprise. Nevertheless, some issues of inter-enterprise adoption have been taken into consideration e.g., related to an enterprise's collaboration with its customers. ICT adoption is understood as the whole spectrum of activities from the period when enterprises justify the need for adopting ICT until the period when enterprises experience the full potential of ICT and derive ecological, economic, socio-cultural and political sustainability from them [1] . The following four pillars of ICT adoption within enterprises are recognized: ICT outlay (Out), information culture (Cul), ICT management (Man), and ICT quality (Qua) [1] , [2] .
ICT outlay consists of the enterprises' financial capabilities and expenditure on the ICT adoption, as well as funding acquired by enterprises from the European funds. The information culture component encompasses digital and socio-cultural competences of enterprises' employees and managers, constant enhancement of these competences, personal mastery, and incentive systems fostering ICT adoption by employees. The ICT management component embraces the alignment between business and ICT, top management support for ICT projects in the entire ICT adoption lifecycle, implementation of law regulations associated with the ICT adoption, regulations on ICT and information security and protection. The ICT quality component comprises the quality and security of back-and front-office information systems, quality of hardware, maturity of e-services, and adoption of ERP and BI systems. Table I describes each of the above ICT adoption pillars.
C. Problem identification and research questions
ICT adoption for sustainable development is not a destination, but a dynamic process of adaptation, learning and action. It is about recognizing, understanding and acting on ICT adoption and sustainable development as well as on interconnections between them. As mentioned above, in the previous study Ziemba [1] indicated parameters describing the constructs of ICT adoption and sustainable development in the enterprises' context, and then grouped them into appropriate pillars (Table I) . ICT adoption embraces ICT outlay, information culture, ICT management and ICT quality, whereas sustainable development includes ecological, economic, socio-cultural and political sustainabilities. Then the quality of the two constructs was assessed by examining the construct reliability [42] , convergent validity [43] , [44] , and discriminant validity [43] , [45] . Overall, the results successfully established the reliability as well as convergent and discriminant validity of ICT adoption and sustainable development, and their pillars. Furthermore, the levels of ICT and sustainable development pillars were assessed (Table II ) and the approach to the measurement of the two constructs ICT was proposed [3] .
The present study examines and evaluates particular parameters shaping each of ICT adoption and sustainable development pillars in the context of Polish enterprises. It focuses on addressing the following two research question: RQ1: What is the level of ICT adoption in Polish enterprises? RQ2: What is the level of sustainable development in the context of Polish enterprises?
III. RESEARCH METHODOLOGY
To address the main research problem and answer the research questions a quantitative research approach was adopted. Research methods included a critical review of the literature, logical deduction, a survey questionnaire, and statistical analysis. The research process has been described in the previous works [1] , [2] but for the ease of this paper readability and sake of its completeness, it is also presented below.
A. Research instrument
The Likert-type instrument (survey questionnaire) was developed. Closed-ended questions were specified to collect data regarding the evaluation of the parameters describing:  The four pillars of ICT adoption i.e., ICT outlay (Out), information culture (Cul), ICT management (Man), and ICT quality (Qua) ( 
B. Research subjects and procedure
In April 2016, the pilot study was conducted to verify the survey questionnaire. Ten experts participated in the study i.e., five researchers in business informatics and five managers from five enterprisesleaders in the ICT application. Finishing touches were put into the questionnaire, especially of a formal and technical nature.
No substantive amendments were required. The subjects in the study were enterprises from the Silesian Province in Poland. The choice of this region was driven by the fact of its continuous and creative transformations related to restructuring and reducing the role of heavy industry in the development of research and science, supporting innovation, using know-how and transferring new technologies, as well as increasing importance of services. In response to the changing socioeconomic and technological environment intensive work on the development of the information society has been undertaken in the region for several years. In the next development strategies of the information society it was and is assumed that the potential of the region, especially in the design, provision and use of advanced information and communication technologies will be increased [46] . All this means that the results of this research can be reflected in innovative efforts to build a sustainable information society in the region and, at the same time, constitute a modus operandi for other regions throughout the country and other countries.
Selecting a sample is a fundamental element of a positivistic study [47] . The stratified sampling and snowball sampling were therefore used to obtain the sample that can be taken to be true for the whole population. The strata were identified based on enterprise's size (defined in terms of the number of employees), economy sector, and type of business activity (defined in terms of related to ICT and non-ICT activities).
The subjects were advised that their participation in completing the survey was voluntary. At the same time, they were assured anonymity and guaranteed that their responses would be kept confidential.
C. Data collection
Having applied the Computer Assisted Web Interview and employed the SurveyMonkey platform, the survey questionnaire was uploaded to the website. The data were collected during a two-month period of intense work, between May 12, 2016 and July 12, 2016. After screening the responses and excluding outliers, there was a final sample of 394 usable, correct, and complete responses. The sample error for an infinite population was of about 5% for a confidence level 97% (p = q = 0.5) which previous studies have suggested as acceptable [48] , [49] . Additionally, it presented a successful representation of the different business types, economy sectors and size categories. 
D. Data analysis
The data were stored in Microsoft Excel format. Using Statistica package and Microsoft Excel, the data were analyzed. The descriptive statistical analysis was employed to describe the levels of ICT adoption and sustainable development parameters within enterprises. The following statistics were calculated: mean, median (MDN), first quartile (Q25), third quartile (Q75), mode, variance (VAR), standard deviation (SD), coefficient of variation (CV), skewness (SK), and coefficient of kurtosis (CK).
IV. RESEARCH FINDINGS
A. The level of ICT adoption within enterprises
In order to answer the research question RQ1: What is the level of ICT adoption in Polish enterprises?, a detailed descriptive analysis was conducted. The results are presented in Table IV .
It has been found that the average levels of ICT adoption parameters ranged from 3.24 to 4.22 (on a 5-point scale from 1.00 to 5.00). The median values were in the range between 3.00 and 5.00, whereas the mode values were 4 or 5. On average, the highest levels are specific for parameters related mainly to three ICT adoption pillars i.e., information culture, ICT management, and ICT outlay.
The highest ranked parameters of ICT adoption were (Table IV) : on information security and protection of personal data, also associated with ICT adoption in terms of intraenterprise and inter-enterprise (e.g., in relations with customers and business partners). Furthermore, the lowest levels of ICT adoption were mainly related to ICT quality and ICT management (Table  IV) :  Qua30 (mean = 3.24, MDN = 4, mode = 4). It means that many enterprises did not implement any BI system and do not employ any business analyses e.g., sales, customers, financial, marketing, products analyses. In general, 25% of enterprises assessed BI adoption at a level not higher than 2.00 and 75% of enterprisesat a level not higher than 4.00. Coefficient of variation with the value above 40% shows substantial differences in BI adoption within enterprises.  Qua29 (mean = 3.44, MDN = 4, mode = 4). It means that many enterprises did not implement any ERP system(or any integrated domain-specific systems) which provides a coherent, comprehensive and integrated support for business processes in the whole range of business activities, and supports the primary and secondary business processes, such as sales, purchasing, marketing, distribution, customer service, warehouse management, human resources and payroll, or finance and accounting;  Man21 (mean = 3.25, MDN = 3, mode = 4) concerning the implementation and apply of ICT within enterprises arising from ICT public projects, coordinated and implemented at national, regional and/or local level e.g., the construction of broadband networks, making electronic platforms of public services available etc.;  Man18 (mean = 3.47, MDN = 4, mode = 4). It means that a lot of enterprises did not implement the latest management concepts, such as process approach, knowledge management, risk management, change management, quality management, customer relationship management, trust management, human resource management, networking approach. In general, the level of ICT outlay was the highest within enterprises, followed by the level of information culture. The levels of ICT management and ICT quality were the lowest (Table II) .
B. The level of sustainable development in the enterprises' context
In order to answer the research question RQ2: What is the level of sustainable development in the context of Polish enterprises?, a detailed descriptive analysis was conducted. The results are presented in Table V .
It has been found that the average levels of sustainable development parameters ranged from 3.25 to 3.96 (on a 5point scale from 1.00 to 5.00). The median and mode values were 4.00 except for Pol15 with the MDN = 3.00. On average, the highest levels are mainly specific for parameters related to economic sustainability, whereas a parameter of political sustainability was ranked the lowest. The highest ranked parameters of sustainability were (Table V) :  Eco7 (mean = 3.96, MDN = 4, mode = 4). It means that the improvement of efficiency and effectiveness of customer services resulting of ICT adoption was evaluated relatively high by enterprises;  Eco8 (mean = 3.96, MDN = 4, mode = 4). It means that thanks to ICT adoption the enterprise achieves better and more efficient organization of work resulting from improvements and automation of business processes, communication, collaboration and networking within the enterprise and in its relations with its stakeholders (customers, suppliers, partners), facilitating access to information;  Eco10 (mean = 3.74, MDN = 4, mode = 4). It means that the improvement of customer satisfaction and loyalty from products and services offered to them by the enterprise as well as pre-and post-sales support resulting from ICT adoption was assessed relatively high by enterprises;  Eco9 (mean = 3.68, MDN = 4, mode = 4). It means that the result of ICT adoption by enterprise is to acquire new customers and markets, including foreign ones e.g., through internet marketing, online sales, obtaining information on markets and customers;  Soc11 (mean = 3.76, MDN = 4, mode = 4). It means that ICT adoption by enterprise allows to extend knowledge and skills already held by employees and acquire new ones (including digital knowledge and skills), as well as better align thinking and action in response to the changing reality, legal requirements and customer needs. Furthermore, the lowest level of sustainability was related to political, ecological, and socio-cultural sustainability (table V) :  Pol15 (mean = 3.25, MDN = 4, mode = 4). It means that enterprises' participation in the public consultation and democratic public decision-making as well as development of cooperation, communication, partnerships and networks between enterprises and public administration were assessed relatively very low;  Ecl1 (mean = 3.38, MDN = 4, mode = 4). It means that a lot of enterprises did not achieve lower average annual energy consumption and increased protection of the environment through ICT consuming less energy and built with fewer materials (miniaturization), and more easily recyclable and disposable;  Soc14 (mean = 3.38, MDN = 3, mode = 4). It means that reducing social exclusion due to age, education, place of residence or disability, by facilitating access to the enterprise, its products/services and jobs was ranked relatively very low. On average, the level of economic sustainability was the highest, whereas the levels of ecological and political sustainability were the lowest (Table II) .
V. CONCLUSIONS
A. Research contribution
Although the literature review suggested that the phenomenon of ICT adoption for sustainable development had been previously examined [6] , [11] , [12] , [16] , [32] , [35] , this study extended previous research on the contribution of ICT adoption by enterprises to sustainable development [1] - [3] . and indicated the levels of ICT adoption and sustainable development in-depth. It contributes to the existing research on sustainable information society, ICT adoption, and sustainable development, in particular in the enterprises' context by:  indicating and assessing the level of ICT adoption, especially in terms of ICT outlay, information culture, ICT management, and ICT quality; and  indicating and assessing the level of sustainable development, especially in terms of ecological, economic, socio-cultural, and political sustainability. Firstly, this study indicated that ICT outlay was at the highest level followed by information culture, whereas the lowest and similar levels were specific to ICT management and ICT quality. Digital and socio-cultural competences of employees and managers, financial capabilities ensuring any ICT projects as well as law regulations associated with ICT adoption and information security were relatively highly ranked by enterprises. However, the lowest level was specific for BI and ERP system adoption as well as the adoption of latest management concepts and exploitation of synergies between national ICT projects and own ones. All these require to improve ICT adoption, mainly its quality and management pillars.
Secondly, the outcomes showed that economic sustainability was at the highest level, whereas the lowest and similar levels were specific to ecological and political sustainability. The improvement of efficiency and effectiveness of customer services, better and more efficient organization of work, the enhancement of customer satisfaction and loyalty as well as the increase of new customers and markets as a result of ICT adoption were evaluated relatively high by enterprises. However, the lowest level was specific for enterprises' participation in the democratic public decision-making as well as energy savings and environment protection were assess relatively very low. It means that enterprises reap more economic benefits than ecological and political ones from adopting ICT. It is, therefore, required to increase ecological and political sustainability through ICT adoption.
B. Research implication for research and practice
While this research is exploratory, it should provide a valuable foundation for further work examining ICT adoption, sustainable development, and a synergy between them more widely.
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Researchers may use the proposed methodology to do similar analyses with different sample groups in other countries, and many comparisons between different countries can be drawn. Moreover, the methodology constitutes a very comprehensive basis for identifying the levels of ICT adoption and sustainable development, as well as the correlations between the two constructs, but researchers may develop, verify and improve this methodology.
This study offers several implications for enterprises. They may find the results appealing and useful in enhancing ICT adoption, experiencing the full potential of ICT adoption, and deriving various benefits from ICT adoption. The results suggest various kinds of advantages like ecological, economic, socio-cultural, and political that can be gained thanks to ICT adoption. In addition, they propose some guidelines on how to effectively and efficiently adopt ICT in order to obtain those advantages. It is evident from the findings that Polish enterprises should devote utmost attention to the enhancement of ICT management and ICT quality. Most of all, this research can be genuinely useful for the transition economies in Central and Eastern Europe. This is because the countries are similar with regard to analogous geopolitical situation, their joint history, traditions, culture and values, the quality of ICT infrastructure, as well as developing democratic state structures and a free-market economy, and participating in the European integration process.
All in all, the research results might provide a partial explanation to the issue of how enterprises can participate in the creation of sustainable development.
C. Research limitations and future works
However, as with many other studies, this research looking more than superficially into ICT adoption and sustainable development in the enterprises' context has been limited.
First, the ICT adoption and sustainability constructs are new constructs that have yet to be further explored and exposed to repeated empirical validation. Second, the sample consisted of Polish enterprises only, especially from the Silesian Province. The study sample excludes statistical generalization of the results from Silesian enterprises to Polish enterprises. However, previous research into the success factors for and the level of adopting ICT in Poland [50] indicated that there is no difference between enterprises in the Silesia Province and in Poland. Therefore, these research findings cannot be confined only to the Silesian enterprises and can be extended to Polish enterprises. After all, caution should be taken when generalizing the findings to other regions and countries. Finally, the research subjects were limited to enterprises and it is therefore only the standpoint of enterprises toward ICT adoption for achieving sustainable development. Caution should be taken when generalizing the findings to sustainable development in general.
Additional research must be performed to better understand ICT adoption and sustainable development. First, further validation of the levels of ICT adoption and sustainable development should be carried out for a larger sample comprising enterprises from different Polish provinces as well as from other countries. Second, research on the measurement of ICT adoption and sustainability in households and government units should be conducted because they are, besides enterprises, the main stakeholders of SIS.
